Abstract Over the last decades, mass developments by the filamentous conjugating green alga Mougeotia have been followed in three large peri-alpine lakes (Lake Geneva, Lake Garda, Lake Maggiore) and in the sub-tropical Lake Kinneret. The aim of this study is to highlight annual and interannual patterns of Mougeotia biomass in the studied lakes and select key environmental parameters that may favour and maintain its mass development. Our results confirm former studies that planktic Mougeotia favours meso-oligotrophic conditions and becomes dominant when annual mean total phosphorus concentrations in the epilimnion fall below 20 lg l -1 . This triggering factor has effect with interactions of other environmental circumstances such as the water column stability. Physiological and morphological features of the taxon make it a successful competitor under stratified conditions. Results also showed that in three out of the four studied lakes, the annual peak was higher when the annual population development started earlier. Focusing on Lake Geneva, depth and strength of the thermocline, as well as wind speed in the beginning of summer that can cause nutrient replenishment and mix the epilimnion are key factors in the blooming of the taxon.
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Introduction
The most well-known and spectacular cases of algal blooms are related to cyanobacteria causing dense and often toxic scums on the surface (Spencer & King, 1987; Yamamoto & Nakahara, 2009) . However, the conventional definition of algal blooms is not restricted to these surface scums but to the phenomenon of significant increase in biomass that suggests an unbalance in the growth and loss processes of phytoplankton often observed, for example by diatoms (De Seve, 1993; Ferris & Lehman, 2007) or by the deep layer populations of Planktothrix rubescens (Leboulanger et al., 2002) . Algal blooms develop when one or a few species of algae outcompete others and their biomass accumulates to relatively high concentrations. They often affect negatively the aquatic systems and may impair human uses of the waterbody (Paerl et al., 2001) .
During the last decades, especially in large, deep European lakes in the peri-alpine region, the occurrence of blooms of green algae hampering professional fishing and drinking water supplies (Rimet et al., 2008) have been increasing. These blooms commonly occur in previously eutrophic lakes that are undergoing a process of re-oligotrophication as a result of intentional P-load reduction. The blooms tend to appear after phosphorus concentrations have declined considerably. The blooming genus, Mougeotia C. Agardh 1824 is common in these lakes. Mougeotia became an important and significant member of the phytoplankton in, e.g. Lake Garda (Salmaso, 2000 (Salmaso, , 2002 , Lake Iseo (Garibaldi et al., 2003) , Lake Lugano (Polli & Simona, 1992) and Lake Maggiore (Morabito et al., 2002 (Morabito et al., , 2003 , and it contributes to the hysteresis of phytoplankton in regard to phosphorus decrease in Lake Geneva (Anneville et al., 2002a) .
Mougeotia is a diverse genus belonging to the family Zygnemataceae which includes many of the most common filamentous green algal species in freshwaters (Guiry & Guiry, 2013) . Most of the published materials on Mougeotia are physiological studies on benthic or littoral populations (Graham et al., 1996a, b; Klug & Fischer, 2000) . Over the last decades, some studies have been published on planktic populations of the genus (i.e. Anneville & Pelletier, 2000; Salmaso, 2000 Salmaso, , 2002 Morabito et al., 2002) as a consequence of its frequent appearance in lakes, mainly in large, deep ones in the peri-alpine region.
Recent observations show that the occurrence of Mougeotia is related to the trophic change of the lakes. In Lake Lugano, Mougeotia was first reported to occur between 1955 and 1958, when the first symptoms of eutrophication became apparent. However, its highest biomass value was recorded in the autumn of 1986, 6 years after the phosphorus concentration began to decrease. During the eutrophic period the species was not recorded (Polli & Simona, 1992) . The first effects of eutrophication appeared in the 1950s and lasted until 1980. Population increase of the taxon in Lake Geneva started in the 1960s, in parallel with the beginning of the eutrophication of the lake (Anneville & Pelletier, 2000) . Its abundance declined during the period of strong eutrophication but became higher again in the 1990s with the decline of phosphorus concentrations.
Success of Mougeotia in the mentioned lakes can be partly not only due to its ability to compete for phosphorus at low ambient concentrations but also due to the unique structure and physiology of its chloroplasts, which can tilt around a longitudinal axis to maximize light capture, like an antenna. Thus, Mougeotia can effectively utilise light even under low-light conditions (Reynolds, 2006) . Another competitive advantage of the taxon lies in its morphology. Due to its filamentous form, the organism has moderate sinking velocity, which is an important adaptive feature during the stratified period, enabling the population to persist in the upper layers for longer periods (Morabito et al., 2003; Padisák et al., 2003a; Salmaso, 2003) . Additionally, the long filaments are inedible for most zooplankton species (Salmaso, 2003) .
Recent studies have shown that Mougeotia has also become common in the sub-tropical Lake Kinneret, Israel (Yacobi & Zohary, 2009) . In this lake, phytoplankton composition and species succession underwent substantial changes during the last two decades and became rather unpredictable. One of the unexpected changes was the first appearance of Mougeotia sp. in 1998, reaching high biomass during spring in 2005 , then again in winter 2010 /2011 (Zohary et al., 2012 . Several observations indicate that Mougeotia is a permanent element of the phytoplankton flora in deep lakes even though blooms have not been observed (Padisák et al., 2010) .
The afore-mentioned studies do not provide information about the vertical distribution of the taxon except the one by Salmaso (2000) from Lake Garda. In this study, phytoplankton sampling was carried out from three strata (0-2, 9-11 and 19-21 m) where the deepest stratum represented the bottom of the euphotic zone. In two of the three analysed years (1995, 1996, 1997) , Mougeotia reached higher biomass values in the 9-11 and 19-21 m strata than close to the surface by the time of the annual peak. However, in 1997, the year when the annual peak was higher than in the former 2 years, it was homogenously distributed along the vertical profile. Salmaso (2000) suggested that the increased abundances at deeper layers were only partly due to in situ growth, instead, were mainly attributable to accumulation of slowly sinking filaments.
The factors that favour Mougeotia blooms such as those observed in several lakes (both temperate and sub-tropical) have remained unknown. Phytoplankton blooms in lakes usually occur under nutrient-rich conditions (e.g. eutrophic conditions). It is therefore unclear how the low nutrient concentrations found in meso-and oligotrophic lakes can sustain Mougeotia blooms and biomass similar to those observed in eutrophic lakes.
The aims of this study were to (i) to examine the annual and interannual variations in Mougeotia biomass in order to highlight and better understand the occurrence of Mougeotia in the studied lakes looking for a common pattern among lakes and (ii) to identify combinations of abiotic factors that might trigger the blooms of this microalga.
For this purpose, we used long-term data from four lakes (lakes Geneva, Garda, Maggiore, Kinneret) and performed coupled statistical analyses.
Materials and methods

Study sites and sampling
The location and morphometric data for the four study lakes are given in Table 1 . Long-term changes in annual epilimnetic mean total phosphorus (Fig. 1) show that a strong decrease of total phosphorus occurred in Lake Geneva between the 1980s and late 1990s. Since 1994, the annual total phosphorus concentration was around 15-20 lg l -1 in the upper 20 m. In the Italian lakes, Garda and Maggiore, annual epilimnetic TP values were lower (*10 lg l -1 ) and have been fluctuating around this value during the examined period. In Lake Kinneret, a decreasing trend in total phosphorus concentration was recorded but outstanding values were observed in 1998 (28 lg l -1 ) and 2003 (30 lg l -1 ). Study sites and sampling methods for physical, chemical and phytoplankton variables in the studied lakes are comparable and are detailed in previous studies (i.e. Anneville et al., 2002b; Salmaso, 2002; Morabito et al., 2003; Zohary, 2004) . The periods considered in this work were 1974-2011 for Lake Geneva, 1995 -2008 for Lake Garda, 1984 -2011 for Lake Maggiore and 1998-2012 for Lake Kinneret. Sampling frequency was monthly in winter and biweekly during the rest of the year in Lake Geneva, monthly in Lake Garda and in Lake Maggiore, and weekly or biweekly in Lake Kinneret. Values of physical and chemical variables used in this study were averages calculated with values measured within the upper 20-m layer. The environmental factors used in this study were temperature [T (°C)], total phosphorus [TP (lg l -1 )], soluble reactive phosphorus [SRP (lg l -1 )], water column stability, the depth of the thermocline (m) and Secchi-depth (m), and wind velocity in Lake Geneva. Wind velocity data were not available for the other studied lakes. In Lake Geneva in 2007 when the strongest mass development of Mougeotia was observed ([80% of phytoplankton biomass) since the 1970s, phosphorus best explained variation in chlorophyll a concentrations (Tadonléké, 2008) , which suggested that this nutrient plays a major role in mass development of Mougeotia in this lake.
Phytoplankton samples were integrated from 0 to 20-m layer, except for Lake Garda, where samples were taken from three discrete depth layers; 0-2, 9-11 and 19-21 m. In each lake, the samples were preserved with Lugol's solution. Phytoplankton species identification and counting were carried out following methodologies by Utermöhl (1958) and Lund et al. (1958) . Cell counts were converted to biomass estimates based on species-specific cell linear dimensions and volumes (Hillebrand et al., 1999) .
Euphotic depth, Zeu, was calculated by multiplying the Secchi-depth by 2.5 (Vollenweider & Kerekes, 1982) . The stability of the water column was estimated as the unitless parameter entitled relative water column stability (RWCS) (Welch, 1992) :
where D b is the density of the hypolimnetic water, D s is the density of the surface water, D 4 and D 5 are the densities of water at 4 and 5°C. Calculation of Relative Thermal Resistance (RTR) was based on using the same equation, but the comparison of density difference was calculated for each 1-m interval stratum along the water column, creating a RTR value for each depth (Wetzel, 2001) . Thermocline depth (Zth) was the depth of the maximal RTR values along the vertical profile at a particular date. Strength of thermocline (Sth) was the RTR value at the depth of the thermocline.
Statistical analyses
In order to identify the environmental conditions associated with blooms of Mougeotia, as well as conditions associated with periods between blooms and periods of no blooms, linear discriminant analysis (LDA) was run by using the MASS package (Venables & Ripley, 2002) of the R statistical software (R Development Core Team, 2008) . A matrix was created where each column represents an environmental factor (variable) and each row represents a year. Then, the matrix has been filled with the values of the particular variables that corresponded to the date of the peak of the Mougeotia bloom in the given year. The variables were RWCS, temperature, TP, SRP, Zeu. Years were grouped according to the density of Mougeotia during the annual peak. Three groups were identified as follows: ''years of low abundance'' for biomass values between the minimum and the first quartile of the biomass data of annual peaks; ''years of medium abundance'' for biomass values between the first and third quartile; and ''high biomass years'' for values between the third quartile and the maximum value. These groups occupied another column in the matrix. LDA was used to identify which combinations of parameters provide the best discrimination between these 3 groups. Another matrix was created for another LDA for testing the possible triggering factors in the case of Lake Geneva. Here, the variables were (i) SRP during the mixing period prior to the onset of stratification (average of April-May) as a proxy for the amount of phosphorus available for phytoplankton growth at the beginning of the growing season; (ii) average southwest wind velocity before Mougeotia development (June) which is, together with the north-west wind, a dominant wind and similarly may have strong impact on the hydrodynamics (Oesch et al., 2008) probably affecting the pattern of nutrient supply within the euphotic zone; and (iii) descriptors of the environmental conditions just before the annual Mougeotia peak and exponential growth: Secchi-depth, the depth (Zth) and strength (Sth) of the thermocline. The objects (rows) in the matrix were the years. Years of low, medium and high biomass of Mougeotia were identified in the same way as explained above.
To find correlation between the biomass value of the annual peak in each year and the first day of the year when the annual Mougeotia population appears in Lake Geneva, Spearman's rank correlation was used.
Morphological examination
For the morphological examination of Mougeotia filaments, samples from the sample collection of INRA UMR CARRTEL from Lake Geneva were analysed. Eleven samples collected on different dates were selected, covering the whole study period but with more samples from the more intensive bloom years. In every sample the lengths and widths of 20 Mougeotia cells from different filaments were measured. In Lake Kinneret, on each sampling date length and width measurements were made on 10 cells from different filaments and the number of cells per filament was recorded.
Results
Since most of the samples were lacking zygospores, which are needed for reliable species-level identification, the comparison of populations from the four lakes involved only cell width and cell length. Cell dimensions in Lake Geneva ranged from 30 to 80 lm in length and from 3 to 5 lm in width. In Lake Garda, cell length varied from 50 to 100 lm and width varied from 4 to 8 lm. The width of cells in Lake Kinneret varied between 3.1 and 4.7 lm, while length varied between 36 and 95 lm; on average, cells were 16 times longer than wide. Lake Kinneret filaments were usually short, consisting of only 1-6 cells, but occasionally very long filaments of up to 40 cells were recorded. Many attempts have been made to identify the Mougeotia in Kinneret to species level, including culturing isolates with attempts to induce conjugation and zygospore formation, consulting with experts worldwide, as well as using molecular taxonomy tools, but so far, only the genus could be confirmed. GenBank has no species-level information for this genus, and the experts were unsecure of the species even after examining its zygospores.
In both Lake Kinneret and Lake Geneva, Mougeotia blooms became more common when the decreasing level of annual mean total phosphorus concentration reached an annual mean value of *20 lg l -1 in the upper 20-m layer. Mougeotia appeared with a clearly higher, important contribution to total phytoplankton biomass from the early 1990s compared to the years before (when it was absent or in some years nearly absent) in Lake Geneva and from 2004 in Lake Kinneret ( Fig. 2A, D) . In Lake Garda and Lake Maggiore, no trend could be observed, the interannual variability was low; Mougeotia was present each year with nearly similar biomass (Fig. 2B,  C) . Exception was 2011 in Lake Maggiore when the taxon reached extremely high biomass compared to the previous years, with a biomass value more than 20,000 lg l -1 . This is one or even two orders of magnitudes higher than the annual peaks before 2011.
In all the lakes, Mougeotia occurred under low to medium trophic conditions. In lakes Garda and Maggiore, Mougeotia was observed under the lowest TP values among all the studied lakes, with a mean value of 10.1 ± 3.2 lg l -1 in Lake Garda and 8.49 ± 2.38 lg l -1 in Lake Maggiore. In these two lakes, we did not observe significant difference in the TP concentrations between sampling dates when Mougeotia was observed and dates when it was not observed in the samples. By contrast, in the mesotrophic Lake Geneva and Lake Kinneret, Mougeotia was detected at TP values of 13.70 ± 5.96 lg l -1 for Lake Geneva and 15.54 ± 6.20 lg l -1 for Lake Kinneret. When the taxon was absent, the TP values were significantly higher with values of 17.36 ± 0.08 and 20.25 ± 9.98 lg l -1 , respectively (P \ 0.05). TP values are mean values of the dates when Mougeotia was detected and mean values of dates when it was not.
Seasonal patterns of Mougeotia differed between lakes (Fig. 2) . In Lake Garda, Mougeotia population started to establish in winter-spring and reached a biomass peak in June-July (Fig. 2C) . Biomass values during the peaks ranged from 1,000 to 3,000 lg l -1 . Lake Maggiore had similar pattern but until 2011
Mougeotia was not an abundant species. Its development also started early in the year and reached its peak by early summer (Fig. 2B) . In Lake Geneva, the taxon is commonly not observed during the first half of the year and starts to establish a dense population in late summer and autumn ( Fig. 2A) . From 1974 to 1982, it was observed every year from late summer to the end of the year but its biomass was low. Between 1983 and 1991, Mougeotia occurred only occasionally; most of the time it was nearly absent. Since the 1990s, biomass peaks have been occurring in the period July-September. The highest biomass values occurred in August, 2001 (14,000-15,000 lg l -1 ), late August, 2007 (39,000 lg l -1 ) and late September-early October, 2009 (12,000-13,500 lg l -1 ). Overwintering populations were also present in Lake Geneva with low and 600 lg l -1 , respectively. Mougeotia in Lake Kinneret had a hardly definable seasonal pattern but its population development started in February or early spring and lasted until the end of the year or it could even overwinter (Fig. 2D) .
In three (Lake Geneva, Lake Maggiore, Lake Kinneret) of the four lakes, Mougeotia biomass during the annual peak was significantly and negatively correlated with the day of year when Mougeotia first appeared in the water (P \ 0.05, r = -0.74 for Lake Geneva, P \ 0.05, r = -0.62 for Lake Maggiore, P \ 0.05, r = -0.80 for Lake Kinneret) (Fig. 3) . That is, when Mougeotia first appeared earlier in the summer, its subsequent annual biomass peak was higher. We could not find such correlation in the case of Lake Garda.
LDA analysis shows how the years with different degrees of the annual Mougeotia peaks could be separated based on main environmental factors in each studied lake (Fig. 4) . In lakes Geneva and Garda, the three groups were fairly well separated, while in lakes Maggiore and Kinneret, only ''low'' and ''high'' groups were separated. Figure 5 summarizes how these factors differ. Among the factors, RWCS seemed to be the most important separator between the years.
We did not find significant difference in the RWCS values during annual Mougeotia peaks between the lakes when the biomass of the annual peak was defined as ''medium'' or ''high'' (Fig. 6) .
LDA analysis was also run to define possible triggering factors focusing on Lake Geneva. The used factors provided a good discrimination between groups of years with different extents of Mougeotia peak (Fig. 7A) . The most discriminant parameters were the strength and the depth of the thermocline. The mean intensity of wind during June had a lower contribution but contributed to the discrimination of years with blooms from years without blooms. In contrast, water transparency and phosphorus concentration during the mixing period had a very low contribution (Fig. 7B) . The magnitude of the effects of the different variables on the blooms is shown in Fig. 7B . The strength and depth of thermocline had a strong effect on the annual Mougeotia peak. The mean wind velocity in June also had an effect of triggering high biomass. As shown in Fig. 8 , in Lake Geneva strong Mougeotia blooms were thus associated with a Fig. 3 Spearman's rank correlation between the degree of annual Mougeotia biomass peak vs. the day of year of first appearance in each lake A Lake Geneva: P \ 0.05, r = -0.74; B Lake Garda: P [ 0.05; C Lake Maggiore: P \ 0.05, r = -0.62; and D Lake Kinneret: P \ 0.05, r = -0.80
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Discussion
Studies on phytoplankton blooms in aquatic ecosystems have long been of interest in aquatic sciences. However, most of these studies have concerned phytoplankton species or genera that are reported to be toxic and endanger or even kill other organisms, or alter water quality (e.g. dinoflagellates and cyanobacteria) (i.e. Jong-Soo et al., 1989; Presing et al., 1996; Sellner et al., 2003; Harada, 2004; Okolodkov, 2005) . Although species such as Mougeotia are not known to be toxic, the occurrence of blooms of this species in lakes, as observed in recent decades, may have important implications for the functioning of the ecosystem and for water management. This species seems to be poorly edible to zooplankton and may accumulate in the ecosystem thus leading to increased costs of water treatment for lakes that are used as sources of drinking water. It has also been reported to cause clogging of fishermen nets in the studied lakes. Understanding factors underlying these blooms is thus of interest for both theoretical knowledge and management, especially since these blooms are reported in meso-to oligotrophic conditions, in contrast to blooms of cyanobacteria and dinoflagellates which are generally observed under nutrient-rich conditions (Dokulil & Teubner, 2000; Anderson et al., 2002; Preussel et al., 2006) . Our results suggest that the interannual dynamics of Mougeotia are related to the long-term change in total phosphorus concentrations in several deep pre-alpine European lakes that are undergoing a process of reoligotrophication. Total phosphorus concentrations in the range of 5-20 lg l -1 in combination with other environmental factors, mainly the RWCS, seem to be suitable for increases in blooms of Mougeotia in lakes. In the two-studied Italian lakes, interannual variation in total phosphorus concentration was low. Similarly, interannual variation of Mougeotia biomass was low too in these lakes. In contrast, in lakes Geneva and Kinneret, where the long-term variation in total phosphorus concentration was large, Mougeotia biomass variation was also high and unpredictable. The fact that Mougeotia blooms appeared more often in years when the epilimnetic annual average total phosphorus concentrations fall below &20 lg l -1 , suggests that Mougeotia spp. prefer low-to medium trophic states. Previous studies on pre-alpine lakes have reported on success of Mougeotia in lakes with meso-or oligotrophic state and suggested that this microalga is a good competitor for phosphorus under limiting conditions (Sommer, 1987; Salmaso, 2000) . Its competitive ability under low phosphorus concentrations was experimentally proven by Sommer (1983 Sommer ( , 1987 Sommer ( , 1991 in mesocosm experiments on Lake Constance. In Lake Geneva, phosphorus (range *1-12.7 lg l -1 ) explained best variations in chlorophyll a concentrations (R 2 = 0.72, positive relationship) from spring to fall in 2007, while Mougeotia accounted for more than 80% of phytoplankton biomass, the strongest mass development of Mougeotia recorded so far in this lake (Tadonléké, 2008) . In their study, Polli & Simona (1992) studied the development of planktic populations in Lake Lugano and found that Mougeotia was detected from 1955 to 1958, when the first symptoms of eutrophication became apparent, but the highest biomass value was observed in the autumn 1986, 6 years after the phosphorus concentration began to decrease. In this lake, after the eutrophication and during vertical mixing total phosphorus concentrations were around 35 lg l -1 . After 1988, Mougeotia occurred only occasionally in the lake.
The different and typical seasonal patterns of Mougeotia in the four lakes were due to differences in the seasonal patterns of environmental factors. Nevertheless, despite these differences in the seasonal development of Mougeotia, no significant differences in the intensity of water column stability were found. In the studied lakes, Mougeotia reaches its maximal biomass during the stratified period, apparently taking advantage of higher water column stability. Indeed, the filamentous shape gives the species several advantages. First, it reduces the sinking velocity of the organism so it can spend more time in the euphotic zone of the water column (Padisák et al., 2003a) . Furthermore, its large maximal linear dimension enables the cells to effectively harvest light under low-light conditions (Reynolds, 2006) . This competitive trait can also be a reason for the overwintering populations during the low-irradiance winter period. Previous studies showed that some filamentous species (mainly cyanobacteria) can overwinter due to their effective light harvesting ability, and then they reach high abundance during the stratified period, such as Planktothrix rubescens (Leboulanger et al., 2002; Padisák et al., 2003b; Halstvedt et al., 2007; Dokulil & Teubner, 2012) or Aphanizomenon flos-aquae (Yamamoto, 2009; Ü veges et al., 2012) . Because of the morpho-and physio-ecological similarities, we suggest that a similar mechanism plays a role in the case of Mougeotia spp. Further studies may be required on the vertical distribution of the taxon and environmental parameters but our results are in accordance with those of Reynolds et al. (2002) and Padisák et al. (2009) who defined the ecological niche of Mougeotia Fig. 8 Relationship between the strength and the depth of thermocline in Lake Geneva for years of low, medium or high peak biomass blooms of Mougeotia as deep, well-mixed epilimnia, where light is the limiting constraint.
The genus Mougeotia is encompassing more than 190 species (Guiry & Guiry, 2013) . With such an infragenetic diversity, it makes sense to wonder if the same or different species were present in the studied lakes. Although some morphological differences have been found based on cell dimensions, reliable identification up to species level is possible only when zygospores are present. Diagnostic features of specieslevel identification are based on zygospore morphology (Brook & Johnson, 2002) . While Mougeotia from Lake Kinneret was isolated and frown in culture and attempts were made to identify its species using molecular tools, this approach failed as currently the NCBA genbank includes no species-level data for this genus.
Previous studies on Lake Geneva consequently mention Mougeotia gracillima (cf. Cipel reports since 1974). This identification was also based on morphological features having uncertainties as mentioned above. Similar problems were encountered in previous studies on lakes Garda, Maggiore and Kinneret; those refer only to the genus Mougeotia. Studies of these populations using genetic markers are definitely needed to unravel their phylogenetic affiliation and determine whether these lakes harbour the same Mougeotia species. Although some differences in species abilities can help to explain the differences observed here among the studied lakes, our results suggest that similar factors affect the studied Mougeotia populations in similar ways, which seems to be in agreement with the role of characteristics common to functional groups (Reynolds et al., 2002; Padisák et al., 2009) in the dynamics of phytoplankton. The common features of the genus (low sinking, inedible for zooplankton, good light antenna) are shared among the populations in the different lakes regardless of the minor differences in cell dimensions.
An interesting finding of this study was that the annual peak Mougeotia biomass was higher when population development started earlier in the year in three lakes out of the four studied (Geneva, Maggiore and Kinneret). The mechanism behind this relation remains unclear, especially since we are not aware of other studies reporting similar results. According to Hardin's Competitive Exclusion Principle (1960) and Hutchinson's Plankton Paradox (1961) , under steadystate environmental conditions the most successful competitor outcompetes all other species and becomes dominant. Establishing a nearly monodominant, dense phytoplankton assemblage requires relatively longstanding stable environmental conditions that are most likely to occur in lakes during the stratified period and characterized by a nutrient-depleted epilimnion. Our results suggest a similar mechanism for the Mougeotia populations in these lakes. Mougeotia could keep growing until nutrient limitation or stratification breakdown suppresses its population. The date when Mougeotia starts to develop appears as a key factor in determining the magnitude of Mougeotia blooms and the maintenance of high biomass of this alga during the stratified periods in lakes. However, according to our study, other parameters also seem to contribute as triggers of Mougeotia blooms in Lake Geneva. In this lake, Mougeotia blooms do occur during particular hydrodynamic conditions, namely, when the strength of the thermocline is high and it is positioned around 8-10 m depths. The depth of epilimnion and the intensity of mixing are crucial in the survival of phytoplankton (Peeters et al., 2012) . We can suggest a similar strong effect also in the other lakes. Finally, we found that remarkable blooms occur when the mean wind velocity is relatively higher than in other years during early summer. Since the relation between wind and stratification patterns is well known (Reynolds, 2006) , our results suggest that the windy period causes the formation of a well-mixed epilimnion and this, together with stable stratification, could favour Mougeotia. Satellite sensor data in lake Geneva show that the spatial and vertical pattern in temperature is very complex due to wind-induced phenomena (e.g. upwelling, downwelling) (Oesch et al., 2008) . Because upwelling and downwelling are known to affect nutrient availability in aquatic ecosystems, it is likely that the influence of wind on Mougeotia blooms in Lake Geneva occurred also through its influence of nutrient availability. However, the mechanism remains to be elucidated. This finding suggests that further studies on temperature's spatial heterogeneity due to physical processes should be taken into account to explain phytoplankton dynamics within the lake.
In summary, our results show for the first time strong negative relationships in several lakes between annual peak of Mougeotia and the day of year when Mougeotia first appeared in the water, suggesting that the date when Mougeotia starts to develop is a key factor in determining the magnitude of Mougeotia blooms and the maintenance of high biomass of this alga in lakes. Our data also suggest that mass development of Mougeotia in lakes might be a result of the interactions between low levels of phosphorus in the milieu and environmental factors such the RWCS. However, the fact that the effect of RWCS was negative in some cases and positive in other suggests the influence of other factors might be lakespecific and were not examined in this study. Further studies, using molecular biology techniques and genetic markers as well as zygospores are needed to unravel the phylogenetic affiliation of Mougeotia in these lakes and to examine whether they are exclusively planktonic or originate from the sediments.
